Abstract-Sputter deposition followed by surface treatment was studied using reactive RF plasma as a method for preparing titanium oxide (TiO2) films on the FTO (SnO2: F) substrate for dye-sensitized solar cells (DSCs). Anatase structure TiO2 films deposited by reactive RF magnetron sputtering under the conditions of Ar/O2(5%) mixtures, RF power of 600W and substrate temperature of 400°C were surface-treated by inductive coupled plasma (ICP) with Ar/02 mixtures at substrate temperature of 4000C, and thus the films were applied to the DSCs. We have chosen a solar cell width as a variable of a large-scaled DSCs and confirmed electric characteristics of an individual cell. As a result, the higher the internal resistance of DSC becomes, the wider the width gets.
I. INTRODUCTION
Nanocrystalline dye-senstitized solar cells (DSCs) are promising candidates for low-cost photovoltaic devices [1] . Several prototypes have been presented, but no large-scale production has yet appeared as a consequence of the many problems that these devices are still facing. It is claimed that the unique properties of the nanocrystalline DSCs stem from the ability to achieve an interaction of the dye and the electrolyte with all interconnected nanoparticles. DSCs are based on a wide band-gap semiconductor material with a very large internal surface to which dye molecules are attached. Titanium oxide (TiO2) is an important material in the construction of DSCs because of its large surface area, sufficient light absorption and high photoelectrical response as a porous photo-electrode material of DSCs [2] . The electron is excited from the valence band to the conduction band, when TiO2 is irradiated with ultraviolet radiation of about 380 nm or less wavelength, and electron-hole pairs are created. DSCs [3] .
Commercial solar cells like poly-crystalline Si solar cells have a current-collecting grid that was made by silver solder or conductive printing paste to reduce their high surface resistance. In the case of dye-sensitized solar cells, there are some precedents with the metal grid protected by resin or glass-ceramic to be not attacked from redox electrolyte. [4] [5] In this study, different square sizes of DSCs with various widths were especially investigated. The surface resistance, Isc, Voc and fill factor(FF) of DSCs were measured and discussed in association with the different widths
II. EXPERIMENTAL PROCEDURE Preparation of T02films
The process was roughly divided into two in this experiment. The primary process formed TiO2 films of anatase crystal structure by the RF reactive magnetron sputter system as shown in Fig. 1 . The secondary process was the plasma surface treatment using immersed type single-turn ICP. The RF magnetron sputter system can be briefly described as follows. The chamber was of stainless steel of internal diameter 300 mm. The RF power (Pr) of 600 W was supplied to a TiO2 target having diameter of 100 mm. The distance between the target and substrate was 150 mm. A temperature controller and heater controlled the substrate temperature. Cooling water is circulated through the target and chamber to prevent overheating during deposition. At first, the chamber was exhausted vacuum to 2x 10-6 Torr or less. The temperature of the 20mmx20mm FTO substrate was maintained at 4000C. The Ar/O2(5%o) with 5:1 pressure ratio gas was introduced to 18 mTorr, and the Prf of 600W was applied to target. And hence, the deposited TiO2 films were taken out of the chamber to confirm the structure and thickness of the films. Many studies have been reported on modifying the surface properties of TiO2 by various methods, including chemical processes (aquageria, degreasing, and RCA protocol) and physical treatments using oxygen or argon plasma [6] . Among them, Ar/02 plasma was considered as a promising treatment because it results in the highest work function, the lowest sheet resistance and the smoothest surface [7] . Consecutively, a procedure of the plasma surface treatment is indicated as second process. The prepared TiO2 films were dye-sensitized with a dye solution. Before immersing into the dye solution, the films were plasma-treated to remove physisorbed impurities and promote surface activity. The TiO2 films are reset in an ICP chamber, which was described in detailed in our previous report [8] Simulator (1OOmW/cm2).
FTO glass with approximately 8.3Q/cm2 of sheet resistance is cleaned and prepared in advance. TiO2 paste is coated by screen printing method on it. And then it is sintered for 30 minutes at 450 . The dye of cis-bis(isothiocyanato)bis(2,2'-bipyridyl-4,4'-dicarboxyl ato)-ruthenium(II)(N3) dissolved on ethanol is adsorbed on the nano-porous TiO2 electrode film manufactured through the previous process. The Pt catalyst is coated by RF sputtering method. The working and counter electrode are sealed by the adhesive (SolaronixSA, Amoil 4) in a sandwich. The gap between two electrodes is filled with the electrolyte (lodolyte TG-50). And then DSCs for experiment is completed after sealing the hole to fill up the electrolyte. Fig. 3 and photo. 1 shows structure and an appearance of DSCs for experiment. The result showed a prominent peak assigned to anatase (101), as well as two peaks due to the rutile (11 0) and (1 0 1) reflections. The film after plasma treatment displayed an expectedly weak anatase peak. Surface morphologies were studied with SEM. Fig. 5 (a) and (b) show the SEM images on the surface and cross section of the prepared TiO2 film, respectively. The micrograph gives clear evidence for the growth of TiO2 crystal. As seen from Fig. 5 (a) , rough surfaces with well-rounded particle were apparent, and the particle size of about 25 nm could be confirmed. In Fig. 5 (b) , the micrograph in the cross section shows that the crystals developed in a pillar shape at the top of the film. XPS is useful in elucidating surface chemistry, which may be responsible for electrochemical characteristics of the TiO2 film. Spectra of 0 is orbital and Ti 2p orbital before and after plasma treatment are respectively shown in Fig.7 (a) and (b) . From Fig. 6 shows TEM image of the TiO2 film prepared by sputter deposition followed by surface treatment. Closer area of 95m2/g, the pore volume of 0.3cm2/g and the TEM particle size of -25 nm. The DSCs made of this TiO2 material exhibited an energy conversion efficiency of about 2.25 00 at 100 mW/cm2 light intensity. Consequently, we believe that the optimization between the specific surface area and photocurrent density of TiO2 films by the surface treatment was found to give rise to the improvement of energy conversion efficiency of DSCs, and the surface properties of the TiO2 significantly affect performance of DSCs.
IV. CONCLUSION
We investigated electrical properties of the dye-sensitized solar cell in proportion to up sizing DSC after we had leaded to increase surface resistance by the change of width. As a result, current density [mA/cm2] of DSC was gradually decreased according to the increase of the width. The photoelectron generated from dye is transported to FTO conductive glass through the TiO2 surface by the diffusion and the trap-detrap process. At that time, the electron collecting comes to be difficult according as the increase of surface resistance and the electron is difficult to flow smoothly in internal cell. We confirm that the increase of surface resistance has a bad effect on cell properties.
In this study, the sputter deposition followed by surface treatment was studied using reactive RF plasma as a method for preparing TiO2 films on FTO coated glass substrate for DSCs. The TiO2 films made on these experimental bases exhibited the BET specific surface
